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ABSTRACT 
Prediction of pressure pulsation magnitude and their harmonic components for a multistage reciprocating 
compressor, piping and reservoir system depends on the input design and operating parameters. In the present 
paper, the results of the theoretical study carried out to study the effect of such parameters on pressure pulsations 
and their harmonics have been presented. The effect of pipe diameter and length has also been included. 
INTRODUCTION 
Reciprocating action of piston and intermittent flow of gas induced by suction and discharge valves give rise 
to pressure pulsations and oscillations. The prediction of the pulsations has become a significant part in the 
proper planning of a piping system in order to minimise unexpected failures. A digital simulation model 
involving valve dynamics, flow through valves, pipe, intercooler and reservoir has been developed for predicting 
pressure pulsations in a piping system of a multistage reciprocating compressor [1]. 
Some of the parameters which are basic input to the digital simulation program have been suitably selected. 
It is difficult to quantify precisely the value of these parameters. These parameters are initial force on the valve 
disc (F;n;J, valve discharge coefficient ( cd1), drag coefficient of the valve disc ( c~), damping ratio of the valve 
spring (~), polytropic index of compression and expansion (N1 and N2), cylinder pressures at the beginning of 
suction stroke (P,) and at the end of discharge stroke (P d), cylinder clearance (Cl) and pipe damping factor (a). 
The parameters such as F;n;, cd1, cd2 and 1; are used in the valve dynamics equation to calculate valve lift. Pd, 
P, and Cl are used in the equation for flow through valves to determine the volume flow velocity and a is used 
for calculating pulsating flow from the pipe. The effect of variation of these parameters on pressure pulsations 
and its harmonics has been theoretically investigated in the present paper. Further the effect of pipe diameter and 
length has also been studied. 
SIMULATION MODEL 
For analysis and formulation of the simulation model, a two stage, three cylinder reciprocating compressor 
with disc type of valves has been considered as shown in Fig.l. The system is divided into number of sub-
systems equal to the number of stages, in the present case it has been divided into two sub-systems. 
The first sub-system begins with the discharge end of the I" stage and ends at the suction of the nnd stage. 
The second sub-system begins from the discharge of the nnd stage and ends at the stop valve after the reservoir. 
Each sub-system is further divided along the flow route into elements such as starting end, pipe, volume and the 
last end. 
The starting end (section 1) is located near the discharge valve, where the magnitude of pulsating flow 
velocity is known from the piston speed, the area of cylinder etc. of the compressor. The transfer equations 
appraoch has been applied to establish the relations of pulsating pressure (P) and pulsating velocity (X) in 
complex form for each of the elements. 
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where x andy are unkowns and QR and Q1 are real and imaginary parts of flow velocity. Eq. (1) can also be 




The values of these coefficients are determined by comparing Eq. (I) and (2). The transfer equations of p 
and X at inlet and outlet sections of pipe are established by analysing the flow in pipe with the equation of 
continuity and Euler's equation of motion. While treating the element 'reservoir' the effect of sudden change 
in pulsating pressure at its inlet and outlet sections have been considered [2]. The transfer equations have been 
developed by assuming that inside the reservoir the pressure at inlet equals that at outlet and therefore only 
equation of continuity exists. 
Thus all the calculation of transfer equations along the route are performed as the operation between each 
twelve coefficients and thus unkowns x & y do not appear. All the coefficients for each section are stored in the 
digital computer. The unkowns x & y are solved at the last end having known boundary conditions either in the 
form of known flow velocity at the suction of II"d stage (sub-system I) or at the stop valve, where flow velocity 
is zero (sub-system 2). After determination ofx andy, the total pressure pulsation amplitude :P: can be calculated 
at any section by the relation given as 
(3) 
The total pulsating pressure is obtained by combining all the harmonics of the pulsating pressure. The 
developed model has also been experimentally validated [3]. 
STUDY OF PARAMETERS 
The effect of each parameter has been studied by varying the individual parameters within a suitable range 
and keeping all the other parameters constant in the above model. The range of the parameters have been selected 
from the available literature as given in Table-1. Effect of each of these parameters has been monitored at 
prominent sections located near the valves of both the stages. 
Valve oscillations are influenced by the damping ratio of the valve spring(~)- As shown in Fig. 2 and 3, 
increase in~ from 0.01 to 0.06 at 1'1 stage discharge valve causes decrease in the pressure pulsations and its first 
9 harmonics at the I"' stage discharge and II"d stage suction valve sections. Further increase in ~ causes an 
increase in the pulsations and its harmonics at these sections. The pulsation at II"d stage discharge valve have 
not been affected at alL Increase in ~ at Il"d stage discharge valve causes a sharp decrease in the pulsations and 
its harmonics at the respective section as shown in Fig.4 and 5. Pulsations have not registered any appreciable 
change at I"' stage discharge and II"d stage suction sections. Whereas an increase in ~ at II"d stage suction valve 
causes increase in the pulsation and first two harmonics in particular at I" stage discharge and II"d stage suction 
sections as shown in Fig. 6 and 7. Pulsations have not been affected at section near the II"d stage discharge valve. 
Initial force on the valve disc (F;n;J, depends on the initial compression of the valve spring and its stiffness. 
Increase in the Finit at a particular valve has resulted in decrease in the pulsating pressure and its first 8 harmonics 
at the section located near the valve. 
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Valve discharge coefficient(cd1) is a function of flow area of the valve. Results indicate that increase in Cd1 
at a particular valve causes marginal increase in pressure pulsations and its harmonics at the section nearer to 
that valve. 
Variation in the values of the valve drag coefficient (Cd2) at the valves have indicated appreciable increase 
in the pressure pulsations and its harmonics at the sections in proximity to the valve. 
Increase in the values of cylinder pressure at the end of suction stroke (P.) at both the stages indicates an 
increase in the valve of pressure pulsations and its harmonics at the discharge valve sections of the respective 
stage. 
Increase in the values of cylinder pressure at the beginning of discharge stroke (Pd) at both the stages has 
shown a fluctuating trend of alternate decrease and increase in the pressure pulsations and its harmonics at the 
discharge valve section of the corresponding stage. 
Increase in the values of I" and II"rl stage cylinder clearance (cl) shows a decrease in the magnitude of 
pressure pulsations and its harmonics at the discharge section of the stage where cl has been varied. 
Increase in polytropic index of compression (N1) indicates a fluctuating trend of alternate decrease and 
increase in the magnitude of pulsations and its first nine harmonics at the discharge sections of the stage for 
which N1 has been increased. While the increase in the polytropic index of expansion (N2) in the same range as 
that of N 1 has not affected pulsations at the sections under study. 
Increase in the pipe damping factor(a) increases the magnitude of pressure pulsation and its harmonics at 
the nnd stage discharge section i.e. at the inlet of pipe. 
Effect of variation in piping diameter and length has indicated that increase in their values cause substantial 
decrease in the pulsations and its harmonics at nnd stage discharge section. 
CONCLUSION 
The study of parameters indicate that the damping ratio of the valve, the initial force on the valve disc, valve 
drag coefficient and the cylinder suction pressure have large effect on the pressure pulsation and its harmonics. 
Thus for precise prediction of the pressure pulsation correct values of these parameters should be selected. The 
parameters like polytropic index of expansion and valve discharge coefficient do not cause any appreciable 
change in the pulsating pressure and its harmonics. Pipe diameter and length also have pronounced effect on the 
pressure pulsations. In case· of a multistage reciprocating compressor it has been observed that the change in 
parameters at the higher stage does not have a significant influence on the pulsations of the lower stage. 
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Inter-cooler Stop valve 
1-6 Number of section in which system is divided-
Fig.1 Line diagram of the system considered-
TABLE 1 
S.No Parameters Studied Range of Values 
1. Damping Ratio ofValve Spring 0.01 - (l.J 5 
2. Initial Force on Valve Disc 2N- 12 N 
3. Valve Discharge Coefficient 0.5- 0.75 
4. Drag Coefficient of Valve Disc 0.25- 0.32 
5. Pipe Damping Factor 0.0005 - 0.0 15/cm or pipe length 
6. Cylinder Suction Pressure: 
- Ist stage 0.7- 1.3 (xI O" Pa) 
- lind stage 2.5 - 3.25 (xI o" Pa) 
7. Cylinder Discharge Pressure : 
.- Ist Stage 4-5 (xlO" Pa) 
-lind Stage 9.5- 10.5 (x105 Pa) 
8. Cylinder Clearance 0.01 -0.06 
9. Polytropic Index of Compression 1.1-1.45 
10. Polytropic Index of Expansion 1.1 - 1.45 
11. Pipe Diameter 0.03 - 0.05 111 
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Pulsating Pressure Vs Damping ratio of 
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Harmonics of Pr. Pulsation on varying 
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Pulsating Pressure Vs Damping ratio of 
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